Background: The time-signal intensity curve (TIC) of the pancreas obtained
Introduction
A pancreaticoduodenectomy is now a safe operati on with a low hospit al mortality in specialized units.
1-3 However, some patient s develop exocrine and endocrine pancreatic insufficiency along with atrophy of the pancreatic rem nant and controversy still remains regarding the optimal surgical procedure to preserve the remnant pancreatic function in the long-term course fol lowing a pancreaticoduodenectomy.
4-6 A dysfunction of t he pancreatic remnant greatly
influences the postoperative quality of lif e, and it is therefore important to maintain and monitor the rem nant pancreatic function following a pancreaticoduodenectomy.
In various types of chronically da maged pancreas, the development and progression of fibrosis plays a critical ro le in the destructio n of exocrine and endocrine pancreatic func tion, by replacing pancrea tic acinar parenchyma and islets with dense fibrous tissue. 7- 9 The degree of pancreatic fibrosis could thus be a useful indicator for evaluating the pa thological conditions of the p ancreas, even the pancreatic remnant following a pancreaticoduodenectomy. The authors previously demonstrated a time-signal in tensity curve (TIC) of the pancreas obtained from dynamic contrast-enhanced magnetic resonance imaging (MRI) to be a reliable and non-invasive monitoring technique for a precise evaluation of the histological degree of pancreatic fibrosis. 10 We now report on a long-term follow-up study of 76 cases who unde rwent a pancreaticoduode nectomy, focusing on the signi ficance of monitoring the dynamic changes in fibrosis and the functional capacity of the pancreatic remnant by utilizing the pancreatic TIC analysis.
Patients and Methods
Between March 1999 and January 200 8, 115 patients underwent a pancreatic TIC analysis with dyn amic MRI prior to under going a pancreaticoduodenectomy for various i ndications. Of these, 76 patient s were successfully monitored yearly with pancr eatic TIC for the pancreatic r emnants and were included in the study . The pa tients who were re ferred to another hospital after the pancreaticoduodenect omy (n= 12), less than 12 months of postoperative follow-up (n= 13), or dr opped from the follow-up within 12 months after surgery due to a recurrence of the disease (n= 1 1) were excluded.
The subjects consist ed of 48 men a nd 28 wom en, including the 26 patients reported in our previous study , 10 with a mean age 65 (ra nge 43-81) years. The pancreaticoduodenectomy was performed for carcinoma of the distal bile duct in 21 patients, papilla of Vater in 17, head of the pancreas in 16, the gallbladder in 4, and the stomach in 2, or for an in traductal papillary-mucinous neoplasm of the pancreas in 1 0 and alcoholic ch ronic pancreatitis in 6. After the pancreaticoduodenectomy, an end-to -side pancreaticojejunostomy was performed according to Ch ild's modified procedure for re construction of the digestive tract. 11 The histology of the pancr eatic stump was free fro m cancer cells in all patients with m alignancy. No patients underw ent any radiation therapy.
Analyses of Pancreatic TIC and Fibrosis
The pancreatic MRI was conducted by using the 1.5-T superconducting system (SIGNA Horizon LXTM; GE Medi cal Systems, Milwaukee, WI). W e used a fat-suppressed three-dimensional fast spoiled gradient re-called echo Schering, Berlin, Germany) /kg of body weight. 10 The contrast m edium was administered intravenously at 3 m l/s using an automated injector . The origi nal MRI data were then loaded onto a work station and radiologists posit ioned the regions of interest (ROI) in the pancr eas, in which the first ROI was placed at the pancreatic parenchyma anterior to t he superior mesenteric artery, as for the presumed transection line of the pancre as, and the second RO I was at the body of the pancreas to compare with the postoperative follow-up in each patient. The pancreatic TIC was then generated as a percentage increase in th e signal intensity (SI), according to the following enhancement form ula:
(SIpost-SIpre)/SIpre × 100, where SIpre and SIpos t represent the pre-and post-contrast SIs, respectively. The patterns of pancreatic TIC were classified into 3 types (Figure 1) : type-I, characterized by a rapid rise to a peak (25 s after injection of contrast material) followed by a rapid decline; type-II, with a slow rise to a peak (1 min after administra tion of cont rast material) followed by a slow decline; and type-III, w ith an even slower rise to a peak (2 m in after the administration of contrast material) followed by a slow decline or plateau.
Postoperatively, the histology and histological degree of pancreatic fibrosis at the cut end of t he pancreas were examined. Pancreatic fibrosis was assessed quantitatively by the Pi crosirius-polarization method. Postoperative dynamic MRI studies of the rem nant pancreas were repeatedly carried out at intervals of 12 months, starting 12 months after surgery.
A ROI was located on the body of t he remnant pancreas and the TIC was obtained as described above.
Detailed Clinical Data Recorded
The morphologic and functional assessment of the pancreas was done at the same t ime the p ancreatic TIC analy sis was p erformed in all patients. The morphologic assessment of the pancreas included the diameter of the m ain pancreatic duct and the actual thic kness of the pancreatic parenchyma 
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Statistical Analyses
The results of the parametric da ta were expressed as the means ±SD.
The Mann-Whitney U-test, Kruskal-Wallis test, two-tailed Fisher 's exact test, and chi-square test were used for st atistical analysis. The correlation of postoperative conversion of pancreatic TIC profile with time was assessed by using the Kaplan-Meier method, and th en compared by m eans of the log-rank test. Values of p<0.05 were considered to be statistically significant.
Results
The patterns of preoperative pancrea tic TIC of 76 patients exam ined at the pancreatic parenc hyma anterior to the superior mesenteric artery (the first ROI) were type-I in 51 cases, type-II in 20, and type-III in 5 ( The postoperative remnant pancreatic function was well maintained in 35 patients who had a type-I TIC throughout the study ( Table 2) causes. In this study , postoperative reve rsal of pancreatic TIC from type-II to type-I was recognized in 5 patients, a nd a conversion from type-III to type-II in one. The pancreatic histology in these patients was obstructive chronic pancreatitis with a mean fibrosis ratio of 12.1% (range 8.5-15.7) in the form er and alcoholic chronic pancreatitis with a fibrosis ratio of 18. 9% in the latter. In addition, these patients showed a notabl e recovery from the exocrine pancreatic functional deficiency after sur gery. These findings suggested that pancreatic fibrosis in some patients with either obs tructive or alcoholic chronic pancreatitis could be reversed following a pancreaticoduo denectomy. This is consistent with the results of experimental and clinical studies.
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In conclusion, pancreatic TICs ge nerated by dynamic contrast-enhanced MRI correlates well with the histological degree of pancreatic fibrosis, and thus shows the ability to detect an early fibr otic change that precedes functional deterioration of the pancreatic rem nant after a pancreaticoduodenectom y. This imaging technique also suggested that , following a pancreaticoduodenectom y, some patients show an im provement in pancreatic fibrosis, however , they may experience remnant pancreatic fibrosis when pancreatic an astomotic leakage occurs after surgery. Pancreatic TIC obtained from the ROI as in Figure 2C demonstrates type-II. Figure 3C demonstrates type-I. 
